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.2012.03.0Abstract The purpose of this study was to investigate canal conﬁguration of mandibular ﬁrst pre-
molars in an Egyptian population. Two hundred ﬁfty human extracted mandibular ﬁrst premolars
were collected from Egyptian patients and a small hole in the center of the occlusal surface of each
tooth was made perforating the roof of the pulp chamber. Teeth were decalciﬁed by immersing in
nitric acid and dehydrated in ascending concentrations of ethyl alcohol. A waterproof black ink was
passively injected from the occlusal hole into pulp system and stained teeth were immersed in
methyl salicylate solution for clearing. Standardized pictures of the cleared teeth were obtained
and anatomical features of the root canal were observed. The average length of the mandibular ﬁrst
premolar teeth was 22.48 ± 1.74 mm, one-rooted teeth were 96.8% and the two-rooted were 3.2%.
Vertucci Type I canal conﬁguration represented the highest percentage (61.2%) followed by Type V
(16.4%), Type IV (13.2%), Type II (5.6%) and Type III (2.8%). Vertucci Type VI canal conﬁgu-
ration represented the lowest percentage (0.4%) and a complex conﬁguration was found in one
tooth. Accessory canals were detected in 22.8% and inter-canal connections were observed in
24.8% while 54% showed apical delta. Such knowledge is clinically useful for localization and nego-
tiation of canals of mandibular ﬁrst premolar, as well as their subsequent management in Egyptian
population.
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02Introduction
Root canal’s conﬁguration has its important signiﬁcance in
endodontics because the entire canal system must be ade-
quately debrided and ﬁlled to achieve a healthy response fol-
lowing root canal treatment [1]. Therefore, clinicians must
have an understanding of the complexity of the root canal sys-
tem and its possible variations in order to achieve a technically
satisfactory outcome [2]. False assumptions about root and ca-
nal conﬁguration may lead to incomplete debridement and
obturation with eventual endodontic failure [1]..V. All rights reserved.
124 H.A. AlhadainyVarious methods have been used to study canal morphol-
ogy including tooth sectioning, radiographs, post-treatment
clinical observation, direct observation with microscope, tooth
clearing, 3D reconstruction, and computed tomography [2]. Of
these techniques, it has been reported that most detailed infor-
mation can be obtained by in vitro staining and tooth clearing
method which is considered to be the simplest and most conve-
nient [1,3].
The interior of teeth has shown many anatomic variations
and can be extremely complex [1–2]. Several studies reported
different trends in shape and number of roots and their canals
amongst the different races [4–5]. Other factors that may affect
the ﬁndings of anatomical variations include gender [6], age [7]
and the study design, either in vivo or in vitro [8]. Among the
most frequently teeth requiring root canal treatment is the per-
manent mandibular ﬁrst premolar that has a wide variety of
root canal conﬁgurations caused by genetic and environmental
inﬂuences and can be extremely complex [2]. Therefore, root
canal morphology of the mandibular ﬁrst premolars has been
investigated based on the study of various population groups,
including Mexican, [9] American [4,6,10–12], Chinese [13,14],
Kuwait [15], France [16], Turkish, [7,17] Japanese [18,19], In-
dian [20–23], Jordanian [24], Seri-Lankan [19], Iranian [25]
and Polish patients of Caucasian origin [26]. Published reports
on the root canal anatomy of mandibular ﬁrst premolars in
Egyptian population could not be found in the literature.
Therefore, the current study was conducted to investigate ca-
nal conﬁguration of mandibular ﬁrst premolars in an Egyptian
population.Table 1 Frequency of root canal classiﬁcation of mandibular
ﬁrst premolars for an Egyptian population using tooth clearing
method.
Canal type Frequency %
Vertucci classiﬁcation
Type I (1-1) 153 61.2
Type II (2-1) 14 5.6
Type III (1-2-1) 7 2.8
Type IV (2-2) 33 13.2
Type V (1-2) 41 16.4
Type VI (2-1-2) 1 0.4
Complex conﬁguration
Type (1-2-3) 1 0.4
Total 250 100Material and methods
Human 250 extracted mandibular ﬁrst premolars were col-
lected from Egyptian patients. The age and gender for each
individual patient was not recorded during teeth collection.
Teeth with incompletely formed roots, carious cavities, cracks,
fracture, resorption, calciﬁcations, metallic restorations, or
previous root canal interference were not included in the study.
Coronal morphological features were considered to identify
and conﬁrm that all the studied teeth were mandibular ﬁrst
premolars and the study was performed in accordance with
the study guide of the American Association of Endodontics
[27].
The collected teeth were cleaned out of any bone fragments,
calculus or remaining external soft tissues using an ultrasonic
scalar (Sirona, Bensheim, Germany) and the teeth were then
stored in a 10% formalin solution until processing. Tooth
length was measured using a digital measuring micrometer
(Mitutoyo, Kawasaki, Japan). The length of the teeth was
measured from the tip of the buccal cusp to the apex of the
root. In case of a curved root, tangents were drawn to the
curved portions of the tooth and the length was then measured
by connecting the points of tangency.
A small hole in the center of the occlusal surface of each
tooth that extended to the roof of the pulp chamber was made
using a ﬁne tapered diamond ﬁssure bur in a high speed hand
piece with water spray. Teeth were then immersed in 5.25%
sodium hypochlorite for 4 h, rinsed under running water for
2 h and bench-dried overnight.
Teeth were decalciﬁed by immersing in nitric acid (10% for
3 days followed by 5% for 2 days). Decalciﬁed teeth wererinsed thoroughly, stored in water overnight and bench-dried
for 3 h. The teeth were then dehydrated in ascending concen-
trations of ethyl alcohol (70%, 95% and 100%) for 12 h each
[3]. Complete decalciﬁcation was determined by radiographs
for random samples to check for a uniform decalciﬁcation of
the tooth. Once the dehydration process was completed, teeth
were allowed to bench-dry for 2 h.
A waterproof black ink (Sanford Rotring GmbH, Ham-
burg, Germany) was passively injected from the occlusal hole
into the pulp chamber and root canal system using a ﬁne insu-
lin needle until the ink was seen out through the apical fora-
men. Excess ink was wiped out with gauze soaked in
alcohol. To obtain transparent teeth, the dried dehydrated
stained teeth were immersed in methyl salicylate solution
(98%) into which the teeth were stored until they were exam-
ined not more than 10 days.
Standardized pictures were obtained, by digital camera
(ScopeTek ScopePhoto 3.0, Hangzhou ScopeTek opto-Electric
Co., Ltd, China), for the proximal surfaces of the transparent
teeth with a ﬁxed distance (10 cm) and zoom (x2.5). Anatom-
ical features of the root canal was observed and classiﬁed
according to Vertucci’s classiﬁcation (Vertucci 1984). The ob-
served criteria included root canals number and conﬁguration,
the presence of accessory canals or inter-canal communica-
tions, and number of apical foramina. The recorded data were
collected, tabulated and analyzed for descriptive statistics
using SPSS program version 17 (SPSS Inc., Chicago, USA).
Results
The tooth length recorded for ﬁrst mandibular premolar teeth
ranged from 17.80 to 26.60 mm and the average length was
22.48 ± 1.74 mm. A 95% conﬁdence interval of the tooth
length for ﬁrst mandibular premolar based on the mean and
standard deviation of sample’s data was (22.26–22.69 mm).
Of the 250 teeth, one-rooted mandibular ﬁrst premolars were
242 teeth (96.8%) and the two-rooted were 8 teeth (3.2%). A
mandibular premolar with more than two roots was not found
in this study.
Regarding number of canals for ﬁrst mandibular premo-
lars, 202 teeth (80.8%) had one canal oriﬁce per root including
the two-rooted teeth that has one canal oriﬁce in each root. On
the other hand, 48 teeth (19.2%) of the one-rooted teeth had
two canal oriﬁces. A single main apical foramen was found
Fig. 1 Mesial view for roots of mandibular ﬁrst premolar: Vertucci’s canal classiﬁcation Types I, II, III, IV, V and VI. (C) complex
conﬁguration (T) two-root premolar.
Internal anatomy of mandibular ﬁrst premolar 125in 174 teeth (69.6%) whereas 76 teeth (30.4%) showed two or
more apical foramina.
Clearing investigation revealed that Vertucci Type I canal
conﬁguration represented the highest percentage (61.2%) of
all canal types found in this study. There was a complex con-
ﬁguration observed in one tooth that was not described in
Vertucci classiﬁcation. Teeth that have Type IV and V conﬁg-
uration mainly show mesial invagination of their roots. Table
1 shows the frequency distribution of Vertucci classiﬁcation for
the investigated teeth. Fig. 1 shows different types of root ca-
nal conﬁgurations found in the ﬁrst mandibular premolar for
the studied population.
Accessory canals were detected in a total of 57 teeth
(22.8%) that were mainly located in the apical third. There
were 28 teeth with one root canal showed apical delta. Inter-
canal connections (isthmi) were observed in 62 teeth (24.8%)
mainly in the middle third of the root. The apical foramina
observation indicated 135 teeth (54%) with apical foramina
located laterally (Fig. 2). Table 2 shows the frequency of
distribution of the accessory canal and inter-canal connections
for the studied teeth.
Discussion and conclusion
Several works have been attempted to clarify the frequency
and variations of internal anatomy in various teeth with docu-
mented varieties in the external and internal anatomy of the
mandibular ﬁrst premolar [24]. An ethnic inﬂuence in dental
morphology is expected, as it does for other anatomical fea-
tures [2]. Therefore, extracted mandibular ﬁrst premolars were
collected for the current study from an indigenous EgyptianFig. 2 Different features of root canal in mandibular ﬁrst premolar:
lateral canal, (D) laterally located apex, and (E) centrally located apexpopulation of different areas including the Great Cairo and
the Nile delta cities. The current study may not include pure
ethnic groups in Egypt such as Bedouin or Nubian population.
In addition, age changes were not monitored and variations re-
lated to different genders were not recorded. However, the cit-
ies included in the study are urban areas with heterogenous
inhabitants that can represent the Egyptian population.
Clearing method was used to investigate the internal anat-
omy to get as much details of the mandibular ﬁrst premolar.
Although various techniques have been used for teeth internal
anatomy studies, tooth clearing technique has considerable
values because it gives a three-dimensional view of the pulp
cavity in relation to the exterior of the tooth. This method also
allows visualization of root canal forms and the anastomoses
among them [28–29]. The original form and relation of canals
is maintained because canal negotiation with instruments is
unnecessary [30]. However, the limitation of this method is
the difﬁculty to detect C-shape canal which is better seen with
cross sectioning method [31].
The results of the present study revealed 96.8% of ﬁrst
mandibular premolars with one root and 3.2% with two roots.
The one-root percentage is close to the rate of an Indian pop-
ulation according to Jain and Bahuguna [32] and a Jordanian
population according to Awawdeh and Al-Qudah [24]. A ﬁrst
mandibular premolar with more than two roots was not found
which agreed with several studies [4,7,15,17,19,24,32]. Table 3
shows number of roots in the mandibular ﬁrst premolar for the
previous studies compared to the current study.
The tooth length recorded in this study for ﬁrst mandibular
premolar ranged from 17.80 to 26.60 mm and the average
length was 22.48 mm. An average length of 21.2 mm with a(A) inter-canal isthmi connecting two canals, (B) apical delta (C)
.
Table 2 Number and percentage of accessory canals and inter-canal connections along different thirds of the root.
Feature Accessory canals Inter-canal connections (isthmi)
Root third Number of teeth Percentage Number of teeth Percentage
Coronal third 2 0.8 0 0
Middle third 11 4.4 25 10
Apical third 28 11.2 19 7.6
Mixed (more than one third) 16 6.4 18 7.2
Total 57 22.8 62 24.8
Table 3 Percentage for number of roots in the mandibular ﬁrst premolar for the different studies compared to the current study.
Reference Method of study Population Number of roots
One (%) Two (%) Three (%) Four (%)
Trope et al. [4] In vivo radiographs American
African 83.8 16.2 0 0
Caucasian 94.5 5.5 0 0
Geider et al. [16] Tooth sectioning and radiography France 90.6 6.4 2.4 0.6
C¸aliskan et al. [17] Tooth clearing Turkey 100.0 0 0 0
Zaatar et al. [15] In vivo; postoperative radiographs Kuwait 85.0 15 0 0
Sert and Bayirli [7] Tooth clearing Turkey 100.0 0 0 0
Iyer et al. [20] In vivo; digital radiography India 95.9 3.9 0.2 0
Cleghorn et al. [33] Review article Global 97.9 1.8 0.2 0.1
Awawdeh and Al-Qudah [24] Tooth clearing Jordan 97 3 0 0
Peiris [19] Tooth clearing Seri Lanka 98.8 1.2 0 0
Japan 100 0 0 0
Jain and Bahuguna [32] Tooth clearing India 97.11 2.89 0 0
Current study Tooth clearing Egypt 96.8 3.2 0 0
Table 4 Percentage for number of canal oriﬁces in the mandibular ﬁrst premolar.
Reference Method of study Population Coronal oriﬁce
One canal P2 canals
Pineda and Kuttler [9] Radiography Mexico 69.3% 30.7%
Zillich and Dowson [10] Radiography USA 75.1% 24.9%
Walker [13] Radiography China 64% 36%
Geider et al. [16] Sectioning and radiography France 68.9% 31.1%
Baisden et al. [12] Tooth sectioning USA 74% 26%
Sabala et al. [6] Review of patient records USA 81.8% 18.2%
C¸aliskan et al. [17] Tooth clearing Turkey 64% 36%
Zaatar et al. [15] Radiographs of RCT teeth Kuwait 60% 40%
Yoshioka et al. [18] Tooth clearing Japan 80.6% 19.4%
Sert and Bayirli [7] Tooth clearing Turkey 60.5% 39.5%
Yoshioka et al. [18] Radiography and tooth clearing Japan 80.6 19.4
Lu et al. [14] Radiography and sectioning China 54% 46%
Cleghorn et al. [33] Review article Global 75.8% 24.2%
Awawdeh and Al-Qudah [24] Tooth clearing Jordan 58.2% 41.8%
Peiris [19] Tooth clearing Seri Lanka 95.1% 4.8%
Japan 98.9% 1.1%
Velmurugan and Sandhya [21] Tooth clearing India 83% 17%
Jain and Bahuguna [32] Tooth clearing India 88.40% 11.59%
Current study Tooth clearing Egypt 80.8% 19.2%
126 H.A. Alhadainyrange of 17–26 mm was recorded for an Indian population [32]
where the average reported for a Jordanian population was
22.6 mm with the shortest of 18 mm and longest of 27 mm [24].
One canal oriﬁce was found in 80.8% of the mandibular ﬁrst
premolar roots of this study while19.2% of the one-rooted teeth
had two canal oriﬁces. Table 4 showed number of canal oriﬁcesin the mandibular ﬁrst premolar for the previous studies. The
ﬁndings of this study are close to the results of Yoshioka
et al. [18] who used radiography and clearing to investigate
mandibular ﬁrst premolar in a Japanese population and re-
ported 19.4% of teeth with two canals. However, Peiris [19] re-
ported the lowest frequency of two canal oriﬁces in a Japanese
Table 5 Canal conﬁguration in the mandibular ﬁrst premolar according to percentage of Vartucci’s classiﬁcation.
Reference Population Percentage of Vartucci classiﬁcation
I II III IV V VI VII VIII A
Sert and Bayirli [7] Turkey 60.5 18.5 10.5 7 2.5 0 0 1 0
Vartucci [11] USA 70 0 4 1.5 24 0 0 0.5 0
Peiris [19] Sri Lanka 64.2 0 2.5 1.2 28.4 0 0 0 3.7
Japan 82.6 1.1 1.1 0 15.2 0 0 0 0
Velmurugan and Sandhya [21] India 72 6 3 10 8 0 0 0 1
Awawdeh and Al-Qudah [24] Jordan 58.2 4.8 1.4 14.4 16.8 0.8 1.0 0 2.6
Khidmat et al. [25] Iran 88.47 1.84 3.22 0.9 4.14 0 0 0 1.38
Jain and Bahuguna [32] India 67.39 7.97 3.62 2.89 17.39 0.72 0 0 0
Present study Egypt 61.2 5.6 2.8 13.2 16.4 0 0 0 0.4
Internal anatomy of mandibular ﬁrst premolar 127population (1.1%) using clearing method in his study. Lu et al.
[14] reported the highest frequency of the two canal oriﬁces in a
Chinese population (46%) using in vitro radiography and sec-
tioning method in their study.
Vertucci’s canal classiﬁcation [11] was used in this study be-
cause it is commonly used by authors in the literature and text-
books. In 1984, Vertucci [11] determined canal numbers and
conﬁgurations by percentages for each of the human perma-
nent teeth and this can be considered as a baseline point for
root canal anatomy comparison [24]. In the current study,
Vertucci Type I canal conﬁguration represented the highest
percentage (61.2%) of all canal types found in this study.
The highest frequency of simple one canal (Class I) was
reported as 88.47% in an Iranian population [25] and the low-
est was 58.2% in Jordanian [24]. The frequency of simple one-
canal pattern in this study lied between a Turkish (60.5%) [7]
and a Seri-Lankan population (64.2%) [19]. The highest fre-
quency of class V (1-2 pattern) was reported in a Seri-Lankan
population (28.4%) [19] compared to the current study
(16.2%). The frequency of two-canal pattern in this study lied
between a Jordanian [24] and an Indian [32] populations.
Table 5 illustrates the distribution frequency of canal conﬁgu-
ration in different studies.
There was a complex conﬁguration observed in one tooth
that was not described in Vertucci’s classiﬁcation. However,
this conﬁguration is not considered as a common ﬁnding and
depends on the sample size. Other studies [19,24,25] reported
uncommon features which can be expected but not to be con-
sidered as a frequent occurrence.
Accessory canals were detected in 22.8% of the studied ﬁrst
mandibular premolar that were mainly located in the apical
third. The highest and the lowest percentages of accessory ca-
nals were reported for Turkish populations. Caliskan et al. [17]
reported 52.8% whereas Sert and Bayirli [7] reported 14% of
accessory canals although both used clearing method in their
studies. Awawdeh and Al-Qudah [24] reported 25.4% of acces-
sory canals in a Jordanian population which seems to be the
closest percentage to the current study. However, Vertucci
[11] also reported a high percentage (44.3%) of accessory ca-
nals. The discrepancy in accessory canal percentages may be
applied for inter-canal connections. The current study showed
24.8% of inter-canal connections mainly in the middle third of
the root. Vertucci [11] reported 32.1% and Sert and Bayirli [7]
reported 7% for this anatomic feature. These discrepancies in
percentage can be related to not only the race differences or
method of investigation but also to a speciﬁc population and
the evaluators.Apically, Sert and Bayirli [7] reported 52.5% of apical
foramina located laterally which is the closest percentage to
what observed in the present study (54%). Vertucci [11] re-
ported the highest percentage (85%) whereas Caliskan et al.
[17] reported the lowest (41.2%). Regarding the apical delta,
there were 11.2% of mandibular ﬁrst premolar observed with
apical delta in this study. Lu et al. [14] reported 6% of apical
delta in a Chinese population where Awawdeh and Al-Qudah
[24] reported 29.2% of this anatomical feature.
Observations of the current study conﬁrmed the presence of
ethnic differences among various races and provided some
information about the internal anatomy of the mandibular
ﬁrst premolar in an Egyptian population. Endodontists and
dental clinicians can use such information to achieve a satisfac-
tory prognosis for root canal treatment. Further studies are
recommended for other teeth to develop a comprehensive pic-
ture for Egyptian dentition.References
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